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FOREWORD 
This f i n a l  t echnica l  report  summarizes a study conducted by 
B a t t  elle-Northwe s t ( B a t t  e l l e  Memorial I n s t i t u t e  /Pac i f i c Northwest 
Laboratories) f o r  the  National Aeronautics and Space Administration 
(NASA) under Research Project  No. NAS 9-9188. This pro jec t  w a s  
d i rected by Mawice F. Sullivan, with the  pr inc ipa l  invest igator  
being Bruce W, Wachholz of t h e  Physiology Section/Biology Depart- 
ment. Technical ass is tance was supplied by Dennis L. Catt and 
Charles R. Watson. Acknowledgement i s  made f o r  t h e  advice of 
D r .  Richard Benson, NASA Manned Spacecraft Center, Houston, Texas, 
during t h e  course of these s tudies .  
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T 
INTRODUCTION 
Ruanlzxour rspporle hravc; attgrated t o  elas fatat that human8 
a prodromal response following exposure t o  ionizing rad ia t ion ,  e i t h e r  as 
a r e s u l t  of radiation-therapy treatments or as a consequence of accidental  
exposure. and 
more spec i f i c  analysis3 of t he  prodromal response appearing s ince t h a t  
time. 
some cases have caused t h i s  response would be encountered during space 
missions, whether of an in t ra -  or an extra-vehicular nature.  
2 These have been reviewed by Bond' w i t h  addi t ional  data 
It i s  e n t i r e l y  possible t ha t  the magnitude of t he  doses which i n  
Although such a response is  uncomfortable and d is t ress ing  i n  our 
normal environment, it could conceivably r e s u l t  i n  death i n  a h o s t i l e  
environment. While being merely temporarily incapaci ta t ing on ea r th ,  
i n  a high performance and r e , l i ab i l i t y  s i t u a t i o n  such incapaci ta t ion,  
however temporary, might lead t o  an aborted, an incompleted, or even a 
f a t a l  mission. Furthermore, t h e  consequences of t h e  vomit r e f l ex  i n  
a weightless environment are not y e t  known. It may be t h a t  t h e  conse- 
quences of such vomiting would be longer than of a temporary nature ,  such 
t h a t  t h e  performance of t h e  individual  might be ser iously reduced o r  
terminated al together .  
2 
Thus, t h e  permissible radiat ion dose t o  an astronaut is not neces- 
s a r i l y  one which i s  based upon the  endpoint of death, or i n  t h e  appearance 
of delayed or  chronic e f f ec t s  of t he  exposure, but ra ther  tha t  dose which 
might i n i t i a t e  t he  prodromal response , resu l t ing  i n  the  impaired perfor- 
mance which might put him and h i s  fellow crew members, t he  mission 
objectives,  and possibly t h e  mission i t se l f  i n  increased jeopardy. 
I n  order t o  reduce t h e  p o s s i b i l i t i e s  of such an event occurring, 
i t  i# necessary to ehXnk in term o f  prophylactic ~~~~~~~~ which can bra 
taken t o  avoid unnecessary exposure, Certainly shielding would be the  
most effect ive method of reducing the  exposure; however, weight considera- 
t ions  i n  the space capsule severely r e s t r i c t  the  use of t h i s  method w i t h  
respect t o  total-body shielding. 
t h a t  various portions or  t i s sues  of t he  body are more sens i t ive  
It i s  reasonable, nevertheless,  Lo assume 
t o  
radiat ion and are more l i k e l y  t o  i n i t i a t e  t h e  mechanism of radiation- 
induced vomiting than are  other t i s sues  and organs of t he  body. I f  it 
were feas ib le ,  it might be possible t o  p a r t i a l l y  sh i e ld  the  individual ,  
such t h k  only t h a t  portion of t h e  body ha&,:+ ske lowest rad ia t ion  
threshold l i m i t  f o r  causing the  prodromal response might be protected. 
I,, 
. P  a s. 
, I I  
Further protect ion mw be afforded by the  combined use.of shielding 
and medication for  t h e  control  of t he  prodromal syndrowe. 
t h e  anti-emetic drugs, however, have addi t ional  side e f f ec t s  which m a y  
Most of 
be undesirable, such as the  depression of blood pressure and the  
induction of drowsiness. 4 It i s  imperative t h a t  such drugs have only a 
minor, i f  any, effect  upon behavior and r e f l ex  pat terns  since any decrease 
3 
i n  the  acui ty  or 
of the  mission. 
Most of t h e  
coordination of an astronaut may r e s u l t  i n  t h e  f a i l u r e  
human data which are avai lab le  were obtained from 
c l i n i c a l  therapeut ic  exposures which, because of t h e i r  nature ,  d id  not 
attempt t o  define t h e  c r i t i c a l  region of t h e  body with respect.  t o  t h e  
prodromal response, nor t h e  c r i t i c a l  dose or dose rate which caused the  
response. 
induced vomiting as an endpoint, t h e  comparison was' uauaiLy made i n  order 
t o  determine the! eff ic iency and effect iveness  of one or more anti-emetic 
drugs. 5-9 Unfortunately, t h e  psychological f ac to r s  ocbasionally2 show 
I n  those c l i n i c a l  t r ials which have been compared using radiat ion-  
placebos t o  be almost as ef fec t ive  as t h e  anti-emetic agents. lo It taust 
be remembered also t h a t  i n  many radiation-therapy s i tua t ions  the  individual  
undergoing therapy cannot be considered t o  be a !'normal" individual ;  and 
it may wel l  be t ha t  t h e  physiological response t o  rad ia t ion ,  pa r t i cu la r ly  
w i t h  respect  t o  t h e  prodromal phase, may not be t r u l y  representat ive of t h e  
average healthy person. 
usually biased 'by t h e  primary disease which i s  being t r ea t ed  by t h e  radio- 
therapy and by the  loca t ion  of t h e  exposure f ie ld .  
Furthermore, t h e  data which are ava i lab le  are 
-, * 0-  
The majority of data from gas t ro in t e s t ina l  mammalian rad ia t ion  
biology s tudies  have been obtained from small animals such as rodents 
which do not exhib i t  a vomiting re f lex .  
u t i l i z e d  l a r g e r  animals and i n  which t h e  vomiting r e f l e x  was observed or 
i n  which it was an endpoint of t h e  experimental protocol uti l ized'whole- 
body exposures only. 
Almost a l l  s tud ies  which have 
, 
' 
L i t t l e  has been done with respect t o  partial-body 
exposures i n  invest igat ing 
I .  
t h e  prodromal syndrome. 
a t ' .  , 
Those s tudies  which have been reported have general ly  r e su l t ed  from 
e i t h e r  mixed gcunma-neutron i r r a d i a t i o n  or X-irradiation for whole-body 
exposures. 
surviving animals vomited, whereas 50 t o  90 percent of those dogs which 
died exhibi ted emesis.15 
vomited within 2 hours a f t e r  exposure with l i t t l e  difference between 
survivors and decedents.16 Other s tud ies  have shown t h a t  dogs exposed 
I n  beagles exposed t o  166 t o  292 rad, 30 percent of t h e ,  
I .  
O f  monkeys exposed t o  336 t o  528'rad,  79 percent 
11 L t o  800 R whole-body i r r a d i a t i o n  exhibited 100 percent emetic response, 
and t h a t  c a t s  requi re  a dose of 5500 R t o  exhib i t  a 100 percent response, 
The purpose of t h i s  research was t o  determine the  re la t ionshi$  
13 
8 1  
between r ad ia t ion  dosage and t h e  subsequent vomiting response i n  miniature 
swine. I n  order t o  determine t h e  region of t h e  body which was most 
s ens i t i ve  t o  and most instrumental  i n  i n i t i a t i n g  t h i s  respons,e, p a r t i a l -  
body exposed animals ,  as w e l l  as whole-body exposed animals were u t i l i z e d .  
Furthermore, such other  f ac to r s  as might  a f f e c t  t h e  physiological  response 
' r  ' 
50 i r r a d i a t i o n  were a l s o  noted. Factors which might prevent o r  minimize 
t h e  radiation-induced vomiting; were also t o  be invest igated.  
firs?; phase of t h i s  work, t h e  emetic response t o  whole- and partial-body 
Only t h e  
i r r a d i a t i o n ,  h s been completed and i s  included i n  t h i s ,  repor S "  
. b  
METMODS 
Because of t h e  s i m i l a r i t y  of t h e  Hanford miniature swine t o  man with 
respect  t o  size, weight, d i e t ,  v i sce ra  and vomiting r e f l ex ,  it becme the 
experimental animal of choice f o r  es tab l i sh ing  c r i t e r i a  of  radiat ion-  
induced vomiting. 
years  of age. 
The miniature swine used i n  t h i s  work were from 1 t o  3 
More important, however, a t  t h e  time of exposure they were 
5 
of comparable weight and body g i r t h :  
These ahimals were maintained on outdoor concrete pads (approximatFly 20 
f ee t  by 20 feet)  w i t h  f ree  access t o  an enclosed-sheltered area. 
weather t&peratures so d ic ta ted ,  at l e a s t  a portion of t h e  pad was covered 
by a spr inkler  system. 
150 pounds plus  o r  minus 10  pounds. 
When 
Water w a s  avai lable  - ad l ibitum; the  animals were 
fed twice a day, usually a t  12-hour in te rva ls :  
animals were weighed p r i o r  t o  exposure and transported by t ruck t o  the  
exposure room, a distance! of about 300 yards. 
3-4 a.m. and 3-4 p.m. The 
The cobalt-60 f a c i l i t y  of t he  Pac i f ic  Northwest Laboratories consis ts  
of a 10,000 C i  source, a LOO C i  source, and a 1 C i  source posit ioned i n  
a t u r r e t  which i s  imbedded i n  the  foundation of t he  building and which may 
be ro ta ted  such t h a t  any of t he  three  sources may be brought i n t o  posi t ion,  
When act ivated,  a i r  pressure instantaneously raises t h e  selected source t o  
the  exposing posi t ion which i s  located s l i g h t l y - o f f  center of t h e  room and 
about 3 1/2  feet above t h e  f loor  level .  The high (10,000 C i )  source was 
u t i l i z e d  i n  exposures o f t h e  swine. This source gave a reading of 
26.75 R per minute i n  a i r  a t  a distance of 200 cm “om t he  center of t h e  
source, a t  t h e  l e v e l  of t h e  source. 
The animal was,placed i n  a modified metabolism cage c o n s i s t h g  of a 
wooden floor and p lex ig l a s s , s ides ,  
rear  there  were adjustable  s t e e l  bars which could be moved forward or‘ . 
backward according t o  the  s i ze  of t he  animal. 
The f ront  was hinged wood, and a t  t he  
Numerous holes were d r i l l ed  
i n  t h e  sides of t h e  cage so  t h a t  wooden rods could be inser ted from e i the r  
side.  The animals were e s sen t i a l ly  immobilized i n  t h e  cage by t h e  use of 
6 
t h e . s t e e 1  bars and the  wooden rods which essent ia l ly  out l ined the  body. 
The cage, w i t h  t he  animal immobilized there in ,  w a s  placed i n  t h e  room such 
t h a t  the midline of the. animal was 200 cm from the  center of t h e  source. 
The average dose rate i n  t h e  cage, i n  a i r ,  averaged from s ix  pos i t ions ,  
was 23.2 R per  minute, (These values were va l id  p r i o r  t o  our f irst  exposures, 
and adgustments were made monthly with respect t o  %he decay of t h e  cobalt  
source.) From avai lable  data i n  the  l i t e r a t u r e ,  17'18 it wa6 c a l c u h t e d  t h a t  
f o r  animals of t he  s ize  and weight t o  be used i n  t h i s  experiment, t h e  
midline t i s s u e  C ? X ~ O S U ~ @  should be approximately 65-75 percent of t h e  a i r  
doses a t  t h a t  point.  
w e  sacr i f iced  one animal and implanted approximately 45 lithium-fluoride 
In  order t o  determine the  va l id i ty  of t h i s  calculat ion,  
dosimeters throughout t h e  body, w i t h  pa r t i cu la r  concentration i n  various 
portions, of t h e  abdominal cavity. 
doses of rad ia t ion  and t o  various modes of i r r ad ia t ion ,  the  dosimeters being 
replaced following each exposure. 
were qui te  c lose and comparable. 
per  minute was present a t  t he  midline of t h i s  pa r t i cu la r  animal: 
acSua1 average dose r a t e  obtained form t h e  lithium-fluoride dosimeters ,was 
d( :* 
16.0 R per minute a& t h e  midline of t h e  animal (Fig. 1). Unfortunately, 
one can nei ther  assume nor claim t h a t  t h i s  i s  a uniform exposure even through- ' 
The carcass w a s  then exposed t o  various 
The experimental and theo re t i ca l  r e s u l t s  
Theoretically,  a dose rate of 16.2 R 
I 
t h e  
out t h e  midline of t he  animal, much l e s s  throughout t h e  e n t i r e  animal, 
there  being a gradual f a l l o f f  with respect t o  a i r  dose from b e t t e r  than 
100 percent a t  t h e  surface t o  approximately 70 percent a t  t h e  midline of 
d( Absorbed t i s s u e  doses a re  usually expressed i n  rads. I n  t h i s  repor t ,  
however, t h e  radiat ion doses a re  expressed i n  R un i t s  ra ther  than i n  
rad uni t s  because the  lithium-fluoride dosimeters were ca l ibra ted  against  
a Victoreen R meter exposed i n  air. 
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the  animal. I n  addition, one must consider a l so  t h e  non-uniformity of t he  
exposure resu l t ing  from t h e  Gib cage, t h e  pelvic  g i rd l e  and other  s k e l e t a l  
s t ruc tures ,  and the  posi t ion of spec i f ic  organs. 
Throughout t h e  exposure each animal was monitored constantly by 
means of a closed-circuit  t e lev is ion  set .  This  arrangement provided us 
with t he  opportunity t o  shut down the  source o r  t o  reposi t ion t h e  animal 
i f  t h i s  became necessary as t h e  r e s u l t  of unusually violent  motion on t h e  pa r t  
w 
a 
o f  the animal,, Thia was not a regular occurrence, and wa~3 rehtiva3.y 
unimportant i n  t h e  case of whole-body exposures. Ilowever , with pa r t i a l -  
body exposures the  motion and momentum of t h e  animal occasionally s l i g h t l y  
changed the  posi t ion of t he  'animal r e l a t i v e  t o  the  -source. Since t h e  
te lev is ion  camera w a s  al igned t o  detect  such changes, it was immediately 
noticeable and remedial act ion was taken at once. 
Following.exposure, t h e  animals were placed i n  a special ly  constructed 
cage which was adjustable i n  s ize  and which permitted observation of t h e  
head of t h e  animal from three  s ides  (Fig. 2). The bottom of t h i  cage was 
construpted with one-qwrter inch s t e e l  bars arranged i n t o  a one-inch mesh 
screen ,which permitted 2assage of vomitus and excreta ,  and included a 
separator t o  prevent t he  vomitus < .  from becoming mixed with t h e  excreta. The . 
animals were the rea f t e r  c losely observed f o r  a t  least 48 hours postexposurc; 
with observations usually going beyond t h a t  t i m e  period. 
included the  following: 
The observations 
eat ing and drinking habi t s  of t h e  animals; diarrhea,  
i f  present;  emesis and t h e  frequency of emesis and the time following 
exposure at  which it occurred; and t h e  general  c l i n i c a l  heal th  of t h e  animal, 
Generally, t h e  animals were v isua l ly  observed during t h e  first 4 t o  6 hours 
' I  
postexposure, after which t i m e  they were observed a t  2 t o  4 hour in t e rva l s ,  ' 
including nights  and weekends. 
f ront  of each of t he  cages during jthese t i m e  periods such t h a t  i f  t h e  
animals vomited it would appear on t h i s  paper and t h e  paper could then be 
Absorbent material'was placed under t h e  
replaced. Beyond t h e  period of v i sua l  observation, c l i n i c a l  symptoms 
other  than vomiting were not recorded. Following t h e  observation period, 
' ,  
RESULTS 
The r e s u l t s  of t h e  various doses and types of exposures are given i n  
Table I, 
animals which were exposed t o  250 R midline exposure. 
one-third of t h e  total-body irradiated animals responded with vomiting. 
A t  750 R exposure, 44 percent of the  animals showed an emetic response. 
F i f ty  percent of t h e  animals responded after 875 R ;  however, t he re  
were only two animals exposed a t  t h i s  pa r t i cu la r  dose, 
JOOO R exposure t h a t  100 percent os  t h e  animals responded, 
There was no emetic response of t h e  total-body irradiated 
A t  500 R exposure, 
It was not u n t i l  . 
When only t h e  lower port ion of t h e  body iras exposed ( t h a i  i s ,  distal 
t o  t h e  xiphoid process) , t he re  s imi la r ly  was no' response t o  250 R exposure. 
hf'cer 500 R ,  only one of seven animals vomited, while 43 percent responded 
folloth-ig 750 R exposure, .After 1000 R ,  38 percent of t h e  exposed animaLs 
vomited. 
60 percent response was noted after 2000 R.' O f  those animals expopd t o  
grea ter  than 2000 R, only one i n  seven vomited, 
1 
One hundred percent response was noted after 1500 R ,  but only a 
I 
a \  
9 
Cornparatively few animals were exposed t o  upper-body rad ia t ion  
(proximal t o  the  xiphoid process) ,  but of those t h a t  were, t he re  was 
no response up t o  2500 R exposure; at  4000 R ,  t he re  was a response. 
The time postexposure at  which vomiting first occurred did not appear 
t o  be c l ea r ly  or d i rec t ly  r e l a t ed  t o  the  whole-body exposure. .The in t e rva l  ' 
i n  those animals which d id  respond t o  t h e  i r r ad ia t ion  was of ten s imi la r  
regardLess of whether t h e  animals received 500 R ,  750 R o r  1000 R. 
w i ~ e ,  repeated vmLting was obnerved following both 500 31 and 1000 
exposures. The emetic r e f l ex  i n  whole-body i r r ad ia t ed  animals app 
'followed a dose-related response. 
&;$E- .. 
I ,  
The percentage o f  ixposed animals ex- ' 
exhibit ing t h i s  response progressively increased from 0 percentage following 
250 R total-body ex2osure t o  100 percent followine; 1000 R exposure, 
Previous t o  t h i s  work we have a l so  observed one anima1,vomit at  a dose - 
of 350 R whole-body exposure, an observation which complements t he  presezit 
data between t h e  250-500 R exposure leve ls .  
, 
The re la t ionship  between t h e  postexposure time i n t e rva l  aad 
vomiting was more apparent i n  t h e  parGiallbody exposed animals , par t i cu la r ly  
I <  
t he  lower-body i r r ad ia t ed  animals. Between 500 R and 1500 R exposuzes the  
time at  which vomiting f i rs t  occurred appeared t o  be inverLs2y relateed t o  'che 
dose. 
1 hour postexposure. 
vomited did so  af%er an i n t e r v a l  of 17 minutes t o  1 hour. 
R lower-body exposure, those animals which vomited d i d  so a f t e r  an intcxval  
Of those animals receiving 500 R lower-body exposure, one responded abou% 
After 750 R lower-body exposure, those animals which 
Following 1000 
e 
of 16 minutes t o  33 minutes. Bnesis was apparent e i t h e r  during exposure 
or 'within 5 minutes postexposure i n  all animals, except one, a f t e r  1500 R ,  
.", 
,. 
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Above 1500 R t h e  postexposure emetic l a t e n t  period appeared t o  be lonRer 
than t h a t  observed at  lower doses. 
2000 R lower-body exposure, t he  t i m e  a t  which vomiting first occurred varied 
from 1 1/4 hours postexposure t o  17 hours posteyposure t o  33 hours postexposure. 
The one animal which vomited within 48 hours at  doses above 2000 R d i d  so 
a f t e r  a 16-hour postexposure in t e rva l .  Two of t h e  four  animals exposed t o  
2500 R lower-body exposure d i d  not vomit at  any t i m e  postexposure, whereas . 
t h e  other two animals vomited 3 and 4 days postexposure, a time period 
beyond t h a t  considered typical. f o r  the  prodromal responser ' Although one 
of t he  three animals exposed t o  3000,R lower-body exposure vomited 
after 16 hours, t he  o ther  two animals vomited 3 and 5 days postexposure, 
O f  those animals which responded following 
. 
The one animal which responded after upper-body exposure did s o  16 hours 
postexposure. 
There w a s  l i t t l e  evidence of diarrhea i n  those animals exposed t o  
\hole-body i r r ad ia t ion .  Diarrhea was not evident i n  lower-body exposed 
u n t i l  doses on the  order t o  2500 R were a t ta ined .  I n  these  
diarrhea occurred usual ly  3 days postexposGre, 
I .  
A f t e r  2000 R 
ody exposure the re  was some indicat ion of loose bowel movement 
I 
approximately 3 days postexgosure; however, t h i s  could not be c l a s s i f i e d  
as diarrhea.  
I 
\ , 
The determination of a s t a t e  of nausea i n  these  swine was not an 
objective parameter. Nevertheless, t he re  were ce r t a in  indicat ions which 
were highly suggestive of a s ta te  of nausea. 
l i ck ing  invariably preceded vomiting i n  those animals which vomited; 
S i d o r r h e a  and chop.. 
I _  
which also occurred i n  animals 
I 
d id  not, 
0) . .  
vomit and was observed i n  a t  
11 
l e a s t  one animal i n  each dosage group except one (250 R LB) regardless  of 
mode of exposure. 
t o  emesis i n  t h e  swine which vomited and i n  those animals which exhibited 
Hyperventilation, a l so ,  was commonly observed both p r i o r  
< 
symptoms of nausea but did not vomit. Furthermore, many of t h e  exposed 
animals o ther  than those i n  t h e  250 R groups exhibited various degrees of 
malaise, p refer r ing  t o  l i e  on t h e  f loor  of t h e i r  cage or pen r a the r  than 
stand; at  such times they were comparatively unresponsive t o  d i s t r ac t ing  
stimujli. ' ~ h s  siimajl 80  af factsd maintained %his posture except when the 
animal wished t o  change posi t ion or when t h e  animal vomited, i n  which case 
they preferred t o  stand. 
These observations, while highly ind ica t ive  of nausea, were subject ive 
i n  nature and could not de f in i t i ye ly  de tec t  t h e  presence o r  absence of 
nausea and/or other conditions of d i s t r e s s .  Because of t h i s  low degree of 
r e l i a b i k i t y ,  these observation@ not reported. The cor re la t ion  of nausea 
i n  swine w i t h  c e r t a in  c l i n  e s t a t ions ,  i.e., s ia lor rhea ,  chop l i ck ing  
and hypervent i la t ion , can 
of the  electrogastrogram, 
only af'ter t h e  completion of these exposures. 
vely recorded i n  t h e  fu ture  by t h e  use 6 
which became avai lable  t o  us 
, -  
During t h e  immediate postexposure per iod,  anorexia was most prevalent 
1000 R whole-body and a t  
I 
< +  i n  those canimtilZs receiving the  higher exposures: 
doses above 1500 R lower body. Below t h a t  t h e  observations were not con- 
s i s t e n t  for any given dose or mode of exposure, except t h a t  it was  seldom 
seen at  t h e  250 R leve l .  Since most of t h e  animals were sac r i f i ced  within 
3 t o  4 days postexposure, observations beyond 48 hour8 a r e  ne i ther  complete 
nor memingkul, 
\ 
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DISCUSSION 
The percentage of emetic responses following whole-body i r r ad ia t ion  
i s  somewhat lower than those reported t o  occur i n  monkeys following 
exposures of 336 t o  528 rad where approximately 80 percent of t h e  exposed 
animals vomited within the  postexposure time period. l6 Beagles exposed 
t o  midline doses of 166 t o  292 rad exhibited a 30 percent response i n  t h e  
survival  group, with a 50 t o  90 percent response i n  t he  groups where deaths 
occurred.15 
greater  than t h k t  reported by Chmbere e t  al; i o l l w i n e  total-body 
On the  other  hand, t h e  percentage response was considerably 
exposures of 250 R t o  T O O  R a t  50 R increments, no more than 15 percent 
of t he  animals exposed at  any given dose vomited as a r e s u l t  of t he  radia- 
t i o n ,  with t h e  percentage response varying form 0 t o  1 5  percent i n  a manner 
which was completely independent of t he  s i z e  of the  dose administered. 
Woodward e t  a l ,  did not observe any vomiting i n  swine after exposure t o  
1 ,  
20 
doses ranging from 410 t o  2475 rad resu l t ing  from t h e  gamma-neutron flux 
of t h e  nuclear detonation. 14 Other reportsx2 show t h a t  monkeys, a f t e r  
receiving a total-body exposure of 1500 t o  7500 R ,  .vomited “ i n i t i a l l y .  11 
Doses between 400 R and 850 R were a l so  given, but no observation of i 
emesis was reported. .  In  another report  dogs were exposed t o  total-body I . :  
1 i r r ad ia t ion  from 275 t o  365 R ;  of these animals, one vomited during t h e  
first 24 hours and two vomited during the  second 24 hours; but t he re  
i s  no indicat ion of t he  dose which these pa r t i cu la r  animals received. 
. 
21 
The emetic response of ca t s  following total-body x- i r radiat ion var ied 
from 33 percent response following 500 R t o  100 percent response following 
5500 R,13 B r e s u l t  comparable t o  swine at  t h e  lower dose (5001, but resu l t ing  
13 
i n  a considerably higher dose. than swine and most o ther . spec ies  a t  the  100 
percent response leve l .  It i s  unfortunate t h a t  i n  many rad ia t ion  s tudies  
the  vomiting r e f l ex  i s  e i t h e r  very b r i e f l y  mentioned or more common& not 
mentioned a t  all. Even i n  those reports  i n  which it i s  discussed, it 
I 
i s  seldom related t o  dose, t o  time after exposure o r  t o  frequency of 
occurrence. 
The results reported here appear t o  be consis tent ,  for  t he  most 
pa r t ,  with those reported elsewhere. Such differences as are observed 
might poleglibly ba the reerult of fapecle~a o r  strain differences from w13imalra , -. 
L >  
used i n  other experiments. 
published 
In  addition, it i s  not always clear.froln: 
reports  whether doses reported are a i r  doses o r  t i s s u e  doses, 
and i n  some cases one must assume t h a t  t he  doses indicated are midline 
exposures. t 
L i t t l e  has been reported with respect t o  the  prodromal response?’ 
following partial-b’ody exposure of animals, 
extremely l i t t l e  has been done with respect t o  partial-body sh ie ld in  
experiments using dogs, swine or other la rge  animals. 
22 
This i s  no doubt t r u e  bec 
I 
I ‘  
Kichaelson and h i s  group have perhaps reported the  majority of 
I 
par*ial-bod$ exposures which have been car r ied  out on dogs, only a portior. 
of which i s  per t inent  t o  t h e  present work. Various parameters were followed 
a f t e r  whole-body, lower-body, and upper-body 1000 kVp x-radiation exposure 
of beagles, t h e  parameters depending upon t h e  type of exposure administered. 
Following lower-;body exposures of 700 R ,  t h ree  out of four dogs vomited 
immediately postexposure; after 800 R ,  four out of f i v e  dogs vamited;,at  
C '  
higher doses of 875 R ,  950 R ,  slnd 1100 I? a l l  of t he  animals so exposed 
# 
vomited immediately following exposure. Comparable doses i n  t h e  
present; tsorlr (750 I3 and 1000 R )  show 't;ha.t approximately 50 percent of 
mirnsls responded by Vomiting. 
dogs receive 950 €3 or  ab,ove, death  on the  f o u r t h  dry tfas eminent. 
the swine considerably higher doses could be to l e ra t ed  which were conpatibLe 
It s h ~ ~ i l d  'r,e noted, however, t h c t  wk?sn 
With 
i' 
with comparatively long-term survival. (at least a f a c t o r  of 2) 
~t ?tu in%oroeting t o  nota th*;t; t ~ i o r u  iwi an up ti mu^ a o ~ e  for *tIm 
L 
prodromal response when only t h e  lower body is irradiated and t h & t  bo'kih 
above una below t h a t  dose there  was a decreascd effect. Since h igher  
doses 'given 'to %he whole baiiy' resultcd in vomi-tiug, wheSce.s lowerdbody 
, I  
exposures at  the  same dose d i d  no t ,  o r  at leas'l; caused 'a diminished ~ e s g o m ~ ; ? ,  
the data suggested t h a t  more than one mechanism may b 
prodromd response following whole-body o r  lower-body radiation sxgosur 
involved i n  t2ie 
, 
$ .  
, It i s  most wzfortuntxte "cat few anirnalo w e r ~  avdilable Lo) 
i n i t i a t e  the upper-body exposure portion, OF t h e  protocol ,  sikcce? the. 
o>serv+tions w$.?;h the t h r e e  animals so exposed 9ndica"cd t h a t  the coucqyi; 
o f  mult iple  i n i t i a t i n g  f ac to r s  was perhaps va l id .  
was seen following.1000 or  2500 R upper-body exposure, a response 
was observed nf-ker 4000 R.  J t  is  presurmd that EL graded. response 
fkougl iout  th is  dosage r a g e  troizld have been observed if sufficienb 
rimbcw of aiirnsls had been involved. 
%;Be 
Although no respoqse 
I 
A I  
Xf t h i s  were the 'case, arld 
$ 
comp&ible w i t h  this ,* 
* ' 6 ,  
arc at Least 
' .  
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t he  r e s u l t s  would strongly suggest t h a t  t he  mechanism of radiation-induced 
vomiting d i f fe r6  with r e l a t i v e l y  low o r  r e l a t ive ly  high exposures inasmuch 
as lower-body exposure caused vomiting up t o  about 1500 R with decreksing 
frequency the rea f t e r ;  a t  higher doses the  upper-body exposure r e su l t ed  
i n  vomiting presumably with increasing frequency between 2500 R and 4000 R ,  
t 
l 
8 These observations suggest t h a t  t he  prodromal response 
i r r ad ia t ion  may be t h e  accumulative r e s u l t  of exposure 
a rm,  spacifical2g t h e  gaetrointestinal t rac t ,  and Che 
region, with considerable 6*hrlap probably occurring. 
following total-body 
of t h e  abdominal 
haad thoracic 
Tot al-b,ody 
i r rcd ia ted  animals a re  perhaps more l i k e l y  t o  respond t o  lower doses of 
radiat ion than a re  lower-body exposed animals because .of the  small bui  ' 
f i n i t e  contribution resu l t ing  from i r r ad ia t ion  of t h e  head and thoracic  
area. Similar ly ,  a t  high doses the  animals w i l l  a l s o  respond as 
lo$ t h e  upper body being 
'%ne sane doses does not 
This suggests t h a t  
a s ing le  mechanism, It 
/ .  
w 
i r r ad ia t ed  even though the  lower body by 
appear t o  i n i t i a t e  t h i s  response, 
radiation-induced vomiting may be caused 
I 
is  reasonable t o  presume t h a t  upper-body 
l 
a r e s u l t  
i t s e l f  a t  , 
. . ... 
by more than 
exposure 
ac t s  d i r e c t l y  upon the  vomiting center ,  o r  more spec i f i ca l ly  upon t he  
emetic chemoceptive t r i g g e r  zone o f ' t h e  medulla oblongata, and t h a t  post- 
i r r ad f t ion  vomiting following lower-body exposure may be neurogenic i n  o r ig in ,  
1 
the  response being i n i t i a t e d  by massive nerve impulses from t h e  i n t e s t i n a l  
t r a c t  due' t o  radiation-induced injury and mediated by t h e  
t r i gge r  zone I )  vomiting following t o t  a1-bod.y exposure may 
of e i t h e r  o r  both of these mechanisms which may, i n  f a c t ,  
., 
chemoceptive 
be t h e  r e s u l t  of 
compliment andlor 
a ,  
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re inforce one another. It bs been shown i n  dogs t h a t  ablat ion of t h e  
emetic chemoceptive t r i g g e r  zone of the  medulla oblongata prevented 
vomiting following x-ray exposure, -whereas control  animals not so ablated 
23 did vomit at the  100 percent level ;”  t h i s  has also been observed i n  monkeys. 
Greater numbers of animals and addi t ional  data are necessary before these 
hypotheses can be shown t o  be va l id  or inval id .  From t h e  data and from 
exteneions 09 the data, it would cnpgear that ehielding o f  t h  dxhrninwl mea . . .  
would lead t o  a r ise  i n  the minimum threshold exposure which would induce 
vomiting, Of course, numerous addi t ional  animals i n  various experimental and 
control  groups would be needed t o  v e r i w  t h i s ,  
The effectiveness of drug therapy as a prophylactic agent i s  open 
I 
t o  some question. 
chlorpromazine and t r i f l up romzine ,  appear t o  be t h e  drugs of choice i n  
giving relief from nause omiting i n  pa t ien ts .  Chlorpromazine, 
( dimethylmino-1-n-propyl- (2-chloro) -phenothiazine €IC1 , has given 
var iable  results when us I ts  ant i-emet i c 
e f f ec t  i s  due primarily 
A t  t h e  present time the  phenothiazine d r u g s ,  par t i cu la r ly  
24 ‘ 
, 
animalcA. experiment a t  f on. v , a  
on or inh ib i t ion  of t h e  medullary 
chemoceptive t r i gge r  zone, and there  appears t o  be some inhib i tory  
a c t i v i t y  of t h e  vomiting center as well. 25-27 
body i r r ad ia t ion  varying i n  dose from 500 t o  5500 R given i n  about 30 
minutes, chlorpromazine i n  doses of 3 t o  12 mg/kg gave only s l i g h t  pro- 
tec t ion  against  the  r e su l t i ng  vomiting.13 
In  c a t s  subjected t o  whole- 
The vomiting was prevented i n  
c 
17 
two of each group of f i v e  c a t s  subjected t o  chronic thorac ic  vagotomy and 
medullary chemoceptor t r i g g e r  zone ablation. I n  other  work u t i l i z i n g  
re dose of 800 R ( a  dose a t  which 100 percent of t h e  cont ro l  dogs vomit) 
t he  use of f resh ly  prepared chlorpromazine in jec ted  subcutaneously prSor t p  
> <  
exposure r e su l t ed  i n  a reduction i n  t h e  number of a f fec ted  dogs: 20 percent 
of t h e  exposed animals vomited. 
10 mg/kg. 
permitted t o  "age" for e period of 2 hours, t h e  in jec t ion  v m  not sff 
i n  preventing radiation-induced vomiting at t h i s  dosage l eve l ,  although 
The dose e f f ec t ing  t h i s  response was 
If the  dose were reduced t o  5 mg/kg or if t h e  10 mg/kg wer? 
, 
. . la tency for t h e  onset of t h a t  response a f t e r  i r r a d i a t i o n  increased. 
A t  t h i s  point one can only speculate t h a t  if chlorpromazine were 
administered p r i o r  t o  exposure t o  doses of rad ia t ion  smaller than t h a t  
which i n i t i a t e s  a response i n  100 percent of t h e  exposed animals, t h e  
m a x i m a l  threshold dose needed t o  i n i t i a t e  vomiting would be r a i sed  t o  '. 
some degree. Furthermore, t he re  has thus f a r  been no ind ica t ian  as t o  
what r e s u l t s  may be forthcoming i f  t h i s  drug were used under conditiong p." 
' 
e. I 
partial-body exposure. I f ,  i n  f a c t ,  t h e  primary e f f e c t . o f  t h e  drug is'. .C>$ ' 
, r z ~  
depression o r  inh ib i t ion  of t h e  chemoceptive t r i g g e r  zone, it would be 
expected t h a t  t h e  effect iveness  of the drug would be g rea t e s t  when t h e  
vomiting response i s  mediated by t h i s  zone, as i n  t h e  case of lower-body 
exposure i n  which a neurogenic response i s  indicated.  
. (7 
It is an open question whether or  not t h i s  c l a s s  of drugs would be 
effqct ive i n ' t h e  case of d i r e c t  in jury  of t h e  vomiting center  by higher doses 
of rad ia t ion ,  Although some28 have suggested t h a t  perhaps t h e  t r i g g e r  zone 
i s  necessary even i n  t h e  case of d i r ec t  exposure of' t h e  b ra in ,  t h e i r  exposures 
went up only t o  800 R ,  a dose which we have observed does not induce vomitine * * 
when only t h e  upper body i s  exposed. Whether or  not a dose of severa l  tkgggand 
R t o  t h e  upper body following surg ica l  ab la t ion  of the chemoceptor t r i g g e r  zona 
.'i I -  q ; P .  
' _  *? 
would i n i t i a t e  r ad ia t ion  vomiting, and what e f f e c t  t h e  'use of an anti-emetic 
drug such as chlorpromazine might have upon t h i s  response, i s  a t  present  un- 
known. 
appeared promising, i t s  use and dosage under conditions of partial-body exgocurs 
and i O s  effect iveness  i n  r a i s i n g  the' minimal threshold diose causing rad ia t ion  
vomiting are subjec ts  f o r  f&ther research. 
Although somi of t h e  r e s u l t s  following t h e  use of chlorpromazitic have 
I 
Although emesis was t h e  most obvious and most object ive ind ica tor  o f - t h e  
prodromal syndrome, our observations suggest t ha t  o ther  symptoms related t o  
nausea may occur qu i t e  cons is ten t ly  a t  o r  below those exposures'which 
the  emetic response. Objective recording of these responses mieht rev  
threshold a t  which an animal ( o r  a human) would experience distress, ncs bcass-  
s a r i l y  manifested by vomiting, as a r e s u l t  af whole- or partial-body ex 
Pu'ausea i n  humans has already been reported using both an elect$ogastro 
suring g a s t r o i n t e s t i n a l  po ten t i a l s  ) and breathing amplitude as p a r m e t  
Since these  methods u t i l i z e d  surface contacts ,  t h e r e  was bo need f o r  surg ica l  
techniques, no r  fo r  t h e  use of intraluminal  methods t o  ,measure po ten t i a l s  o r  
mo t i l i t y ,  
fu ture ,  help t o  'determine s t a t e s  of musea  i n  swine more obJect ively than here- . 
We have recent ly  acquired an electrogastrogram which should, i n  t h e  
tofore  was possible .  
It i s  apparent t h a t  other  f ac to r s ,  i n  addi t ion t o  
and mode of exposure, en te r  i n t o  t h e  response of  these  
It was observed early i n  t hese  inves t iga t ions  t h a t  t h e  
i 
t he  dose of rad ia t ion  , 
animals t o  i r radiat4on.  
i n t e r v a l  of time 
bs 
r .( 
between the exposure and the  meal preceding exposure (i .e.  t he  g a s t r i c  
contents) .was a contributing fac tor  i n  t he  vomiting response t o  rad ia t ion  
exposure: 
I 
t he  greater t h e  g a s t r i c  content, t h e  more l ikelihood of 
vomiting. Consequently, a standardized feeding schedule was established 
i n  order t o  eliminate t h i s  variable.  
p r io r  t o  exposure would have resu l ted  i n  t h e  most sens i t ive  s i t ua t ion ,  it 
Although feeding immediately 
was f e l t  that  t h i s  would not be completely realistic f o r  at least two 
reasons: ' 1) it i s  presumed that eotronau%s would have a leredj Linie OP $@,vera& I 
hours prior t o  any exposure resu l t ing  from increased a c t i v i t y  of t h e  sun, 
an event which can be monitored here on ear th ;  2 )  feeding t h e  animals p r io r  
t o  exposure would have disrupted the  animals' normal routine and might have 
resu l ted  i n  a unique physiological condition. ,Therefore, t he  animals were 
I 
fcd 'a t  l e a s t  4 hours p r i o r  t o  exposure. 
It was a l so  noted t h a t  i n  a f e w  instances animals were more prone 
t o  vomit following exposure immediately af%er they were presented w i t h  
water t o  drink; t h i s  was not paz t icu lar ly  noted with respect t o  food, 
No attempt was made t o  quant i ta te  t h i s  or t o  control  it as a var iable  
inasmuch as a l l  animals were offered fGod and water at i n t e rva l s  'following 
exposure a t ' r e g u l a r  feeding times. 
It should be noted t h a t  t h i s  work, as well  as r e l a t ed  work by others  
pertaining t o  rddiation-induced emesis and protect ion therefrom, has 
dealt exclusively with acute exposure t o  radiat ion.  
' 
These resu l t s ;  a r e  not .,' 
* :P I '  
only necessary and of importance i n  themselves, however, s ince they a re  I 
i ' /  I I 
, .  
It i s  reasonable t o  expect, f o r  example, t ha t  should some so la r  o r  
cosmic event r e s u l t  i n  t he  exposure of a space vehicle and i t s  i n h a b i t m t s ,  
t h a t  such an exposure might continue over a period of many hours o r  p e r h a p  
s e i e r a l  days 
- ,. 
Similarly,  such events might occur on a recurrent  or  i r . t e rz '  . 
i n  which case the re  might be repeated exposure 
in te rva ls .  
I n  order t o  simulate such exposures, fu ture  e f f o r t s  should include 
t h e  oxponure of swine t o  various protracted and/or f ract ionated doses of 
! 
rad ia t ion  extending over varying periods of time. The prodromal response 
I .  
incurred under such conditions m a y  be s ign i f i can t ly  d i f f e ren t  fyom t h a t  
occurring after acute exposures w i t h  respect t o  the accumulative thres- 
hold dose necessary t o  i n i t i a t e  the response, the  frequency and duration 
of the  response, t h e  e f f ec t  of feeding and drinking on t h i s  response, 
as 'wel l  'as the determinaeion of the 0, 10,  50, 90 ,  and 100 percent dose- 
s ,  
response levels. 
I 
The motion of t h e  animals following exposure proved t o  be a contributing 
var iable  ear ly  & p  the  experiment. 
housed some 30 miles from t h e  cobalt-'60 f a c i l i t y ,  where they would be 
taken immediately following exposure. 
beginning r e s u l t s * o f  t h i s  work it was apparent t h a t  an inordinate  per- 
ccntege of i r r ad ia t ed  animals komited e i t h e r  during o r  immediately following 
t ranspor ta t ion  from one s i t e  t o  another. 
s ign i f icant  a fac tor  t h i s  t ranspor ta t ion  might. be, 15 contro 
Originally these  animals were t o  be 
I 
From other  work and from t h e  
1 '  
I n  order t o  determine how 
.we*re also t ransported over the  same route  at t h e  same speed, One-third ' 
I /  
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of the control  a n i m a l s  so transported vomited as a r e s u l t  of t he  motion, 
Accordingly, we made other arrangements f o r  t he  animals t o  be housed 
immediately adjacent t o  the cobalt-60 f a c i l i t y  i n  order t o  eLiminate th i s  
pa r t i cu la r  var iable;  the  transported animals were included i n  t h e  res-al'w 
only i f  they had exhibited vomiting p r i o r  t o  being transported i n  the  truck. 
Although t h i s  was an anc i l l a ry  observation, it suggests t h a t  radiaticc-t 
exposure and motion mw be mutua9J.y exacerbating with respect to t he  
s 
I 
ef fec t  on vomiting. Th i s  effect  has a l s o  been noted by others.  l4 
,. . . % 
both of these fac tors  may be present during any space  flight,^ t h e  obser-': 
, '  
vation wan thought t o  be of par t icu lar  intere 's t ,  though there was no "I 
attempt made t o  pursue or quant i ta te  it. 
As 8 r e s u l t  of th i s  work, t he  following conclusions can be drawn: 
l),, The sequence of events following the exposure and modes of exposure 
f h  t h i s  work appear t o  be a) malaise, b)  s ia lor rhea ,  and c )  vomiting;. 
2) The time i n t e r v a l  between the  appearance of these  symptoms appears t o  
I 
dsc'rease as t h e  dose i s  increased such t h a t  a t  comparatively high 
exposures they may occur simultaneously, 
may may not be present depending upon the  dosage used., 4) Whole-body ' 
i r r ad ia t ion  i s  more e f fec t ive  i n  i n i t i a t i n g  t h e  radiation-inauced vomiting 
response than is e i t h e r  lower-body or upper-body i r r ad ia t ion ,  
was a dose-related response following whole-body exposure t o  doses between 
250 R and 1000 R ,  
simixar response i n  lower-body exposed animals, a 100 percent response 
r e q u i r i q  1500 P., 
, A'  
, 3) All t h ree  of these  symptoms 
5) There 
c\ 
6)  Somewhat higher doses were required t o  e l i c i t  a 
' \  
7 )  Doses above 2000 R t o  t h e  lower body not effe c+ ively 
, 
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cause the  emetic response. 
a response only at  doses of several  thousand R. 
8)  I r r ad ia t ion  of t h e  head and thorax e l i c i t e d  
9) Factors which appeared 
# 
I 
. ,  . 
t o  influence t h e  resd ts  included the  g a s t r i c  content a t  t he  t i m e  of 
exposure and t h e  motion of the animals a f t e r  exposure. 
t h a t  more than a s ingle  mechanism i s  involved i n  radiation-induced emesis 
and t h a t  t he  incidence of t h i s  response i s  a function of both t h e  mode of 
exposure and t h e  dose. 
10) It was apparent, 
I ,  
As a result of these observations anb"conclusions, i t  I s  apparent t h a t  
future  e f f o r t s  be directed t o  include the  Yollowing: 
should be included i n  some of t h e  groups already reported on s ince these 
groups w i l l  form the  bas i s  f o r  any future  s tud ies  designed t o  i n h i b i t  o r  
1) Additional animals ' 
minimize radiation-induced emesis; these numbers should be su f f i c i en t  t o  
establish the  0, 10, 50,:gO and 100 percent incidences of vomiting. 
Tf the r e s u l t s  of upper-body exposure should so ind ica te ,  a group of 
animals should be exposed such t h a t  only the  head i s  i r rad ia ted ,  
deqree to-which g a s t r i c  contents at the  time of exposure ,influences the  
emetic response should be more f u l l y  defined. 
other than vomiting should be' studied by means ' of external  @$torin@; 
devices. 
a period of hours o r  days, swine should be exposed t o  f ract ionated and/or 
2) 
3)  The 
I 
, $  
4) Manifestations of Qausea ,? 
. *  
5) In  order t o  simulate the  emetic response to .  exposure over 
protracted doses of rad ia t ion  over vzryinp; periods of time. 
of drugs as a prophylactic agent should be investigated.  Drugs may 
6)  The efficacy 
L 
r e s u l t  i n  a decreased response following whole-body o r  partial-body 
' .I 
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exposures, and while r e s u l t s  t o  da te  appear promising, researchers  have 
# 
. including ne i ther  partial-body exposures nor the  r e l a t ionsh ip  of radiatkon 
dose t o  drug effect iveness .  7)  It could wel l  be t h a t  a combination 6; ;* 
shielding and drug therapy i s  more e f f ec t ive  f o r  pro tec t ion ,  and 8) The 
combined e f f e c t s  of motion and rad ia t ion  should be invest igated.  
These i n i t i a l  s tud ie s ,  u t i l i z i n g  miniature swine, have indicated 
t h a t  radiation-induced vomiting may be control led by partial-bddy 
sliicr?ld?lng. Thay have aZmo 
t he  vomiting response i s  involved and tha t  these  mechanisms may be sepalated 
by shielding. 
proper choice of anti-emetic drugs could g rea t ly  increase t h e  margin of' 
"1 1 
sa fe ty  under conditions where the  prodromal syndrofie wouLd be criticq;. "The 
swine has been shown t o  be an exce l len t  experimental animal f o r  evalq 
t he  use of shielding;  and although nothing w a s  learned ab0 
t o  anti-emetic drugs, continued research with swine should. 
more meaningful c r i t e r i a  f o r  the understanding o f ,  and pro 
rad ia t ion  hazards i n  manned space t r a v e l .  
ds necessary, however, before these  r e s u l t s  and observations can be extra- 
1 
This suggests t ha t  a combination of shielding and t h e  
.* 
7 ,  
e i r  response 
i d e  
on aga ins t ,  
Considerable addhtional research 
I 
polated to those conditions ac tua l ly  
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anticipate& i n   pace t r a v e l ,  
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